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[57] 3 ABSTRACT

An improved technique for correcting errors in track,
for example errors in alignment and cross-level. A re-
cord of the actual geometric condition of a section of
track is obtained by running a recording car operating
at a predetermined speed and axle loading over the
track. A record which may be on magnetic tape is thus
obtained for one or more parameters such as alignment.
In some cases this record may be used directly to derive
electrical error signals which control a track moving
device which moves the track in a direction to remove
‘the error. Where the parameter of interest is alignment
and the section of track is curved, a desired geometric
condition has to be obtained for comparison with the
actual geometric condition to derive the electrical error
signals. One way of obtaining the desired geometric
condition is to process the record to achieve a running
average taken over ten or so consecutive sample points.

10 Claims, 2 Drawing Figures
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1

DYNAMIC LOADING CORRECTING DEVICE

 This is a continuation appllcatmn of apphcatlon
Ser ‘No. 956 600 filed Nov. 1, 1978 now abandoned.

BACKGROUND OF THE INVENTION

ThlS 1nvent10n re]ates to a process for. correcting
railway tracks.

Such a techmque 1S known in which a survey of a
track is made and pen chart recorder makes a recording
of the track representing the condition of the track

before: allgnment A skilled operator then takes the
S recordmg and draws a “best line” through the recorded
~ curveto average out the errors. The corrected record is

then used in a track aligning apparatus which makes use

of a photccel1/pctent10meter/shadew board technique

for aligning the surveyed track.

' In another known technique an cptlcal record is ob-
‘tained. durlng survey of the track and this can be com-

- pared with a “standard” optical record for example by

- simultaneous screenlng Here again, a skilled operator is

. - necessary to 1nterpret the differences between the ac-
~ tual and the ideal curves. -

~ Both of the above techniques have the dlsadvantage
- that the allgnment information fed to the track aligning
“machine is not mathematlcally accurate but is depen-

E _dent on the skill and experience of the operator.

SUMMARY OF THE INVENTION
Aecordlngly, it is an object of the present mmvention

L o to provide a technlque for correcting track which is not
- ~ dependent on the skill of the operator. |

Another. object of the invention is to prewde a

~ method of correcting a track using a record of the ac-
tual geometric cendltlons of the track under dynamlc
| loadlng conditions. - |
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parator to derive an electrical track error signal indica-
tive of the difference between the actual geometric

condition and the desired geometric condition, moving

a track correction vehicle along the track in synchro-
nism with the reading of the track error signal to con-

- trol track moving means on the track correction vehicle

in a direction to reduce the difference.

The desired geometric condition may be recorded on
a recording medium to obtain a record of the desired
geometric condition, this second record then being
ccmpared with the first mentioned record. This com-
parzson may be made to produce a track error record
which is then used in a track correction vehicle, or the
track error signal may be generated in the track correc-—,
tion vehicle. | -

Alternatively, the step of obtaining a second record
may be omitted, the desired geometric condition being
immediately compared with the record representing the_
actual values of the track condition. - |

One way of obtaining the desired geemetrle condl-
tion is to compute electronically a running average
value using, say, ten readings from the actual record
representing track values at 2 meter mtervals

BRIEF DESCRIPTION OF THE DRAWINGS

‘The mvention will now be described in greater detail

with reference to the accompanying drawmgs, in
which: |

FIG. 1 is a block dlagram illustrating schematlcally
the general system of the present invention; and
- FIG. 2 1s a schematic diagram of the invention as
applied to a section of track and illustratin g an exem-
plary embodiment of a central processing unit.

| DESCRIPTION OF PREFERRED EMBODIMENT

It is a further object of the 1nventlcn to provide a

technique for correcting track errors in which an ideal

~ or.desired cendltlcn 1S ccmpared with the actua] record
~ to derive approprlate error 51gnals |

. According to a broad aspect of the invention a
- method of correctlng railroad track comprises obtain-
" ing a first record on a recording medium representing

~ the actual geometric condition of at least one parameter
| of a length of track under predetermlned dynamic load-
ing conditions, readlng the record in a track correction

- vehicle moving along the track in synchronism with

- reading of the record to derive electrical error signals
indicative of the difference between the actual geomet-

TIC condition and the desired geometric condition and

using. the error 31gnals to control track moving means

. on the track cerrectlen vehicle in a dlrectlon to reduce

the difference.

In the case of a stralght sectmn of track the first
.record can be used to derive the error signals without
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. any processing. step but for curved sections of track

- where the alignment is the parameter under consider-

_ation the first record has to be processed to obtain a
- desired . geometric condition or a desired geometric

- condition has to.be obtained in some other way.
... Thus, accordlng to another broad aspect of the inven-
. tion, there is prowded a method of correcting railroad
- track comprising obtaining a recerd on a reccrdlng-

medium representing the actual geometric condition of

‘The components shown in FIG. 1 may be divided

- into three categories, namely rnput 1, central processing

unit 2 and outputs 3. The main input may be a digital

‘magnetic tape 4 or an FM magnetic tape 5. In either

case the tape has been derived previously in a known
manner from a known track recording car running over
a particular section of track. Such a tape typically

carries separate spaced tracks each carrying a record of

a specific parameter indicative of the geometric condi-

tion of the track. Thus, the tape would have records of
the alignment, left rail elevation, right rail elevation,

cross level, etc.

‘Another input 1s obtained from a block 6 entitled
distance synchronization which ensures that the infor-
mation on the tape is processed in synchronism with the
movement of a track correction vehicle which carries
the apparatus of FIG. 1 over the section of track to be
corrected. The track correction vehicle carries in a.
known manner hydraulic mechanisms for moving the
track to the left or right and for raising the left and right
ratls independently. The block 7 entitled track position

~ sensors symbolizes sensors which run on the ratls and

derive input signals corresponding to particular loca-

-tions sensed on the track, for example crossings.

- With reference to the central processing unit 2, a

- magnetic tape controller 10 under the control of a mi-

~ a length of track, processing electronically that record 65

.. to obtain a desired geometric condition of the length of
I ';]:_;track comparing the actual geometrle condition with
o . the desued geemetnc condition in an electronic com-

croprocessor 11 controls the running of the digital tape
4. The input from the distance synchronization is fed to
the microprocessor 11 which causes the magnetic tape

“controller 10 to control the speed of the magnetic tape

4 according to the speed of the track correction vehicle
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so that the tape is unwinding in synchronism with the
movement of the vehicle.

The digital information on the tape is read in the
magnetic tape controller and passed to the microproces-
sor 11 which has been pre-programmed to derive a

digital output signal representative of the difference
between the data read at a particular point on the tape
and data indicative of an ideal or preferred track condi-

tion. It should be understood that probably not all the
recorded information on the tape would be read and, for
the purpose of the present explanation, we will consider
that the information which is being read is the track
alignment record and the cross-level record. A digital
output signal for the difference between the actual and
preferred track alignment condition would, therefore,
be obtained and further a digital output signal for the
difference between the actual and preferred cross-level
condition would therefore, be obtained. These digital
output signals are fed to a digital/analog converter 12 to
derive analog “error’ signals for controlling the track
correction mechanisms on the track correction vehicle.

The analog/digital converter 13 also shown as form-
ing part of the central processing unit 2 1s used to con-
vert the analog input from the track position sensors 7
to digital form for handling by the microprocessor. The
analog/digital converter 13 is also capable of providing
suitable digital input if the track record is provided in
the form of FM magnetic tape 5 rather than digital
magnetic tape. The input from the track position sensors
is processed in the microprocessor 11 which then alerts
the track correction vehicle to stop at crossings, for
example. The use of such track position sensors for this
purpose is conventional and, accordingly, will not be
described in any further detail.

The digital/analog converter 12 derives output sig-
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nals corresponding to the deviation of the track from

the preferred or ideal values in respect of the parame-
ters of interest, in the present example alignment and

cross-level. Thus a box 15 entitled alignment control

symbolizes a servo-mechanism for driving the track
alignment mechanism either right or left depending on
the alignment error signal input from the digital analog
converter. Two boxes 16 and 17 entitled left surface
control and right surface control symbolize servo-
mechanisms for driving lifting mechanisms for the left
and right rails, respectively. If the cross-level “error”
signal indicates that the left rail should be higher, then
a signal appears at the input of the left surface control 16
causing the left rail to be lifted a certain amount, and,
similarly, for an error signal indicating that the right rail
should be higher, a signal appears on the input of the
right surface control 17.

A visual comparator 20 may also be provided in the
outputs 3 to give the operator a visual indication of, for
example, the actual track condition, the preferred track
condition and/or the error condition. The visual com-

parator could take the form of an oscilloscope to which

signals from the microprocessor 11 and the digital ana-
log converter 12 are applied as inputs, thus deriving on
the oscilloscope screen three traces corresponding,
respectively, to the actual track condition as recorded
on the magnetic tape, the preferred track condition as
obtained in the microprocessor and the “error” condi-
tion as obtained from the output of the digital/analog
converter. Obviously, if a track error record is made
independently from the track correction vehicle for use
therein, the actual track condition and the preferred
track condition could be dispensed with and only the
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error record would be displayed. Obviously the track
alignment condition and/or the cross-level condition or
any other parameter could be displayed either simulta-
neously or as alternatives.

The last box 21 in the outputs symbolizes failure

alarms which would operate if there was a power fail-
ure or a failure in any portion of the central processing
unit 2 such as the microprocessor 11 or digital/analog

converter 12. The alarms would also be capable of sig-
nalling incorrect operation of the track position sensors
7. The alarms 21 would be arranged in known manner,
on a console for monitoring by the operator.

Turning now to FIG. 2, an example of how the mi-
croprocessor may be programmed to obtain a preferred
track condition is illustrated. A portion 25 of a track
which is to be corrected in alignment and cross-level 1s
shown. The distance synchronization 6 is shown con-
nected to a vehicle wheel 26 running on the track and
may be in the form of a tachogenerator deriving a volt-
age dependent on the speed of the track correction
vehicle. In that case, the output of the distance synchro-
nization 6 is fed to a voltage divider 27 which derives an
output voltage the magnitude of which is dependent on
the voltage from the distance synchronization 6. The
output voltage with appropriate amplification (not
shown) is used to control the tape drive 28 which forms
part of the magnetic tape controller 10 and which drives
the magnetic tape 29 by means of sprockets 30 on which
the tape 1s wound.

The magnetic tape controller 10 also includes two
magnetic heads 35 and 36 spaced along the magnetic
tape in the stretch between the two sprockets 30. The
heads 35 and 36 are aligned with that magnetic track on
the tape 20 which is the record of the railway track
alignment. A further magnetic head 37 located at the
same longitudinal position as head 36 is ahgned with
that magnetic track on the tape 29 which 1s the record
of the railway track cross-level. The head 37 i1s shown
facing the underside of the magnetic tape 29 for ease of
illustration but it is to be understood that it would, in
practice, be facing the same side of tape 29 as heads 35
and 36. The spacing between head 35 and heads 36 and
37 is chosen so that it corresponds to a desired length of
track, say 10 meters. Thus, the points A and B on the
track 25 would correspond to points A’ and B’ on the
tape 29.

Connecting lines 40 and 41 are shown interconnect-
ing sprockets 30 with heads 35 and 36 respectively and
these are intended to indicate that the read heads are
switched on at predetermined amounts of rotation of
the sprockets 30 corresponding to predetermined
lengths on the track, say 2 meters. Thus, the read heads
35 and 36 provide outputs which represent the geomet-
ric alignment condition at every 2 meters of the track
length under investigation. The actual means by which
the heads are switched on is not shown but it should be
appreciated that this could take the form of a cam
mounted on the sprocket 30 operating a follower to
open and close a switch in the heads.

The microprocessor 11 includes a ten point averager
44 to which the outputs from head 35 are fed. The
averager 44 includes a digital counter which sums every
ten outputs and divides by ten to obtain an average
digital value which represents the average misalign-
ment or deviation over a twenty meter length. By suc-
cessively dropping off the last input and adding a new
input a running average is obtained and this is fed to the
comparator 45 where it is compared with the outputs of
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the read head 36 which represents the actual values of

- track. mlsahgnmcnt as measured from the tape 29. Be-

cause of the spacing chosen between heads 35 and 36,
each reading obtained at head 36 is compared in com-

~ parator 45 with the average value of the readings corre-

‘sponding to ten meters on each side of point B.

An error 51gnal is derived in comparator 45, this error

| 51gna1 mdlcatmg digitally how much the track deviates
from a preferred alignment condition (the average

‘value). This error signal is converted in a digital/analog,

' ‘converter 46 to provide an analog voltage which drives
- a scrvc-valve 47 controlling a hydraulic jack 48 located

| ';i :_ ‘at the point B which correSpcnds to the point B’ on the
L 'tapc 29. Thus, the Jack 48 is moved to the right or left

In accordance w1th the magmtudc and sign of the ana-
log error 51gnal in a sense to reduce or remove the error.
The digital/analog converter 46 is. equwalcnt in func-
tion to digital analcg converter,12 shown in FIG. 1 and
the servo- valve 47 1s equlvalcnt to the alignment control
15 of FIG. 1. | - - -
Correction cf the crcss-level 1S cbtalned usmg as a
startmg point the following formula,-according to the

- ARA. standard, for the superelevation of.a railroad

track whcre supcrelevatlon means  the height of the
~ outside rall on a curve above the inside rail. Thc for-
mulais S |
'E=0. 0007V2D whcrc o o
E=the supcrelcvatlcn in 1nches s -
- 'V=the proposed train speed in miles pcr hcur and
.D —=the curvature of the track in degrees measured as
the anglc subtcndcd by the radn from a 100 foot
. chord. |
The cutput from the ten pclnt averagcr 44 1S cbw-
cusly a measure of; the track curvaturc and so this out-

o ~ put is fed to a.comparator 50.

- A second input:to the comparator 50 is derwed from
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atrack speed adjuster S1. If the prcpcsed train speed is,

. for example, 60 miles/hr., this value is selected on the

track speed adjuster 51 and an apprcprlate s:gnal 1S fed
~into comparator 50. - - - -
- A third input.to comparator 50 is derived frcm read

- hcad 37 which, as stated above, is. aligned with the

cross-level magnetic record on tape 29. As with heads
35 and 36, head 37 is understood to be related to the
angular position of sprockets 30 so that a reading is
obtained every few cms or so correspondmg to every 2

B . meters of the railroad track. The comparator compares

~ the 51gnals obtained: from read head 37 with 0.0007V2D

N - obtained on the basis of the other two inputs and any

resultant signal denotes the magnitude of the track su-
~ per-elevation error. The error signal thus obtained as an
~ output from comparator 50 is, of ‘course, a digital signal

~ and so ‘a digital/analog converter 52 is provided to

derive an output-analog signal which drives a servo-

valve to operate a hydraulic llftlng jack 84 or §§, both

- located at point. B, depending on which rall has to be

lifted to remove. the error signal.

"~ When the track correction machlnc 1S cpcratmg on a
_stralght section of track the value for D is, of course

zero, and therefore the ccmputcd value 0.0007VZD

. representing superelcvatlcn 1s zero. Thus the cross-level

~ should also be zero, i.e. both rails at same height, on
~ straight track. If the cross-level as indicated by read

~ head 37 is not zero for a straight section of track the

45

230

33

6

record from which, using the ten point averager 44, a

'prefcrrcd or desired condition is obtained and simulta-

neously compared with the actual values on the tape,
two tapes may be used, one bearing the actual record of
the track condition and the other bearing the desired
condition. The second tape would have been obtained
at some earlier stage by processing the first tape using,
for example a read head a ten point averager and a
write head. |

The two tapes would, in the track correction ma-
chine, be run in synchronism and there would be two
read heads, one for each-tape, both corresponding to
read head 36. Thus, the comparator 45 would have an
input from one read head as before indicating the actual
track condition and, instead of an input from a ten point
averager, the second input would come directly from
the other read head reading the second tape. |

‘A further modification of the above system can be
cmplcyed wherein the tape containing the actual record
is used with a ten point averager 44 to create a preferred
or desired condition signal which is compared with the
actual record to create a single tape of track error to be
used on the track correction machine which would be
drwcn in synchrcmsm with the reading of the single
tape of track error.

1t will be appreciated that the original tape bearing a
record of the track condition was obtained from a re-
cording car operating at a particular speed and axle
loading over the section of track of interest. It can be
appreciated that the record obtained may, therefore, be
dependent on these two parameters and so it might be
useful to try to ensure that the speed and axle loading of
the recording car are similar to the speed and axle load-
ing expected in normal operation of the track. It may
also be useful to obtain several tapes representing track
conditions for several different axle loadings and/or

vehicle speeds in the event that it expected that the

track will be used over a range of axle loadings and/or
speeds. In this case, it i1s envisaged that the several tapes
will be run simultaneously and the average value of the
several records at each point obtained. The average
values of the several records would then be ten point
averaged as before to provide a running average which
would be compared with the “actual” average value of
the several records. This averaging and subsequent ten
point averaging could conceivably be done directly
from the several tapes carried in the track correction
vehicle but it is more likely that the several tapes would
be used to provide a first “master” tape representing the
average at each point of the several tapes and a second
“master” tape representing the ten point averaged ver-
sion of the first “master” tape. The two “master” tapes

-would then be processed in the track correction vehicle

as described in the modification of the preceeding para-
graph.

‘As a further modification of the basic system, thc
magnctlc tape 29 would be used to obtain the desired or

preferred geometric condition of the track but would

- not be used to provide the actual geometric condition of

f 51gnal cbtalned from servo-valve 53 controls the jacks 65

54 and 55 so as to reduce the cross-level towards zero.
As a mcdlﬁcatlcn of the above system, it 1s envisaged
that, ms_t_ccd of using a single tape containing the actual

the track for comparison with the desired condition. In

other words, the read heads 36 and 37 would not be
used to pick off values for actual alignment and cross-

level. The actual values would be obtained directly by

the track correction vehicle using known measuring

systems for measuring the alignment and cross-level of
the track and sampling the actual measurements ob-
tained every two meters. The sampled values of track

‘alignment and cross-level would then be fed into com-
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.
parators 45 and 50, respectively. This modified system
could therefore be considered as a hybrid of the basic

system described above in which the original tape pro-

vides all the data necessary for track correction and the

system described in U.S. application Ser. No. 844,819

filed Oct. 25, 1977 now U.S. Pat. No. 4,176,456 and U.S.

application Ser. No. 862,852 filed Dec. 2, 1977 now U.S.
Pat. No. 4,166,291 in which all the data necessary for

track correction is provided by track measuring sys-
tems.

It should be appreciated that the reason for averaging
ten (or so) alignment readings in the ten point average
44 is to provide an acceptable datum on a curved sec-
tion of track from which to measure the alignment devi-
ation of the track. An error signal can then be generated
as described above. However, on straight sections of
track the datum for measuring the deviation is obvi-
ously a straight line so that for straight sections it is not
necessary to generate a datum by averaging. Thus, the
information on the digital tape 4 could, for straight
sections of track, be used directly as to error signal.

Although preferred embodiments of the invention
have been described, numerous modifications and alter-
ations thereto would be apparent to one skilled in the art
without departing from the spirit and scope of the pres-
ent invention.

What we claim as our invention 1s:

1. A method of correcting railroad track comprising
obtaining a first record on a recording medium repre-
senting the actual geometric condition of at least one
parameter of a length of track under speed and axle
loading conditions similar to expected speed and axle
loading conditions when the track is in normal opera-
tion, reading the record in a track correction vehicle
moving along the track and at a speed corresponding to
the speed of the track correction vehicle, the reading of
the record being at a rate such that the part of the re-
cord being read at any given instant is the record for the
track at the position of the track correction vehicle on
the track at that instant, and deriving from the record
electrical error signals indicative of the difference be-
tween the actual geometric condition and the desired
geometric condition and using the error signals to con-
trol track moving means on the track correction vehicle
in a direction to reduce the difference.

2. A method according to claim 1, in whlch the error
signals are derived by comparing the actual geometric
condition with the desired geometric condition in an
electronic comparator contained in the track correction
vehicle. .

- 3. A method according to claim 2, in which, for cor-
recting alignment, the desired geometric condition 1is
obtained by computing electronically .from the first
record a running average value which is then immedi-
ately compared with the actual geometric condition on
the first record. |
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4. A method according to claim 3, in which the run-
ning average value is obtained using at least ten readings
from the first record.

5. A method according to claim 2 in which the de-
sired geometric condition is provided as a second re-
cord, the second record being compared with the first
record.

6. A method according to claim 5 in which for cor-
recting alignment the second record is- obtained by
previously computing from the first record a runnmg
average value. -

7. A method according to claim 1 in which the first
record is an actual record of the track error whereby:
the record i1s converted dlrectly to the electrlcal error
signals. | - .

8. A method according to clalm 1in whlch a plurahty.-'
of records are first obtained, each representing the ac-
tual geometric condition of the same length of track
under different dynamic loading conditions, the plural-
ity of records belng averaged to provide the ﬁrst re-
cord. _ . o e
9. A track correction vehlcle for correctmg at least-
one parameter of a length of track, comprising a record
reading system adapted to read a first record on a re-
cording medium representing the actual geometric con-
ditions of at least one parameter of a length of track, the
record reading system having record drive means syn-
chronized with the vehicle speed, an upstream and a
downstream read head mutually spaced a predeter-
mined distance along the direction of travel of the re-
cording medium which distance corresponds to a pre-
determined length of track, means for sampling at both
heads the alignment record at predetermined intervals,
the upstream read head having an output connected to
an averagmg circuit which derives at an output thereof
a running average of a plurality of samples and a com-
parator to which the output of the averaging circuit and
an output of the downstream read head are connected
to and which derives electrical error signals indicative
of the difference between the actual geometric condi-
tions and the desired geometric conditions and the de-
sired geometric condition are derived, and track mov-
ing means operable under control of the electrical error
signals to move the track in a dlrectlon to reduce the
difference. . o SRR

10. A track correction vehicle accordmg to clalm 9
comprising a further read -head adjacent the down-
stream read head for alignment with the cross-level
record, the further read head having an output provid-
ing samples of cross-level readings at predetermined
intervals to a further comparator, an output of the aver-
aging circuit also being connected to the further com-
parator in which values of superelevation correspond-
ing to track curvature are obtained and compared to the

cross-level samples to derive error signals, and means

for raising one rail relative to.the other under the con-
trol of the error signals to achieve the correct superele-

vation. -
Xk * *. * %
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